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The production of three major components of cellulase (FPase, CMCase and f-
glucosidase) by Aspergillus terreus was studied in a shake flask experiment. The effects
of physical, chemical and biological treatments on the oil palm empty fruit bunch
(OPEEFB) fibre for subsequent use as substrate for cellulase production were
investigated. On the other hand, the effect on the surface morphology of the fibres, were
examined under Scanning Electron Microscopy. The effects of different types and
concentrations of nitrogen sources on cellulase production were also examined. The
optimized medium composition obtained from the shake flask experiment was used for
cellulase production in a 2L stirred tank fermenter where the effect of different levels of
dissolved oxygen tension (DOT) at a fixed agitation speed on cellulase production was

investigated. The experimental data obtained from batch fermentations in a shake flask
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and the fermenter using the optimized medium were analysed to form the basis for a
kinetic model of the process. The effect of different methods of treatment of OPEFB
fibre on the rate and degree of hydrolysis was investigated. The use grinded OPEFB
fibre increased cellulase production about two fold compared to 10-mm fibre. Chemical
treatment with 0.5 % phosphoric acid significantly increased the cellulose and reduced
the lignin contents. Cellulase activities, obtained from fermentation using OPEFB fibre
treated with phosphoric acid followed by autoclaving at 160°C for 10 min and then
treated biologically using effective microorganisms were about three times higher than
those obtained in fermentation using untreated OPEFB fibre. The cellulase of A. terreus
contained a high proportion of B-glucosidase with the ratio of specific activity of -
glucosidase to FPase of about 8. Yeast extract gave the highest cellulase production
followed by peptone, urea and (NH4),S04. A good agreement between the calculated
data and the experimental data for both cell growth and cellulase production were
observed, suggesting that the proposed model based on logistic and Luedeking-Piret
equations is sufficient to describe the growth of A. ferreus and cellulase production. The
maximum activities of FPase, CMCase and B-glucosidase obtained from fermentation
with 55 % DOT were 2.33, 51.1 and 16.18 U/mL, respectively. Cellulase production in
stirred tank fermenter were significantly higher than that obtained in shake flask. The
characterization of the proteins purified was shown that eight of the components were
known; four endoglucanases (Endo I, II, IIT and IV), three exoglucanases (Exo I, II and
II) and B-glucosidase were isolated from a cellulase preparation derived from A.

terreus.
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PENCIRIAN DAN OPTIMISASI PENGHASILAN SELULASE DARI Aspergillus
terreus MENGGUNAKAN SUBSTRAT SERAT TANDAN KOSONG BUAH
KELAPA SAWIT DALAM KULTUR TENGGELAM

Oleh

MAHDI SHAHRIARINOUR

Mei 2011

Pengerusi:  Profesor Madya Mohd Noor B Abd Wahab, PhD

Fakulti: Bioteknologi dan Sains Biomolekul

Penghasilan tiga komponen utama selulase (selobiohidrolase, endoglukanase dan B-
glukosidase) oleh kulat Aspergillus terreus telah dikaji dalam percubaan kelalang
bergoncang. Kesan rawatan fizikal, kimia dan biologi terhadap penyediaan serabut
tandan kelapa sawit kosong (TKSK) untuk digunakan sebagai substrat bagi penghasilan
selulase telah dikaji. Di sudut lain, kajian telah dibuat dengan melihat kesan permukaan
morfologi serat menggunakan Skan Elektron Mikroskop. Kesan dari bermacam jenis
dan kepekatan sumber nitrogen terhadap penghasilan selulase juga telah dikaji .
Komposisi medium optimum untuk penghasilan selulase yang diperoleh dari
percubaan kelalang bergoncang telah digunakan untuk penghasilan selulase dalam
tangki fermenter bergoncang berukuran 2 L dimana, turut dikaji kesan dari bermacam

paras tegangan oksigen terlarut (DOT) pada kelajuan pengacau yang tetap, terhadap



penghasilan selulase. Data kajian yang diperoleh dari fermentasi sesekumpul dalam
kelalang bergoncang dan fermenter yang menggunakan medium optimum telah
dianalisa bagi membentuk model kinetik asas untuk proses tersebut . Kesan dari
berbagai kaedah rawatan pada serabut TKSK terhadap kadar dan derajah hidrolisis
telah dikaji. Penggunaan serabut TKSK yang dihaluskan telah meningkatkan
penghasilan selulase sebanyak dua kali ganda berbanding dengan serabut TKSK 10-
mm. Rawatan kimia menggunakan 0.5 % asid fosforik telah nyata meningkatkan
kandungan selulosa dan menurunkan kandungan lignin . Penghasilan aktiviti selulase
dari fermentasi menggunakan serabut TKSK yang dirawat dengan 0.5% asid
fosforik dan diikuti dengan pengsterilan autoklaf pada suhu 160 °C selama 10 minit
dan ini diteruskan lagi dengan rawatan biologi menggunakan mikroorganisma efektif
dimana hasilnya adalah hampir tiga kali ganda lebih tinggi penghasilan selulase
dari fermentasi menggunakan serabut TKSK tidak dirawat.. Selulase dari kulat A.
terreus menggandungi paras P- glukosidase yang tinggi dengan nisbah aktiviti spesifik
B-glukosidase terhadap FPase sebanyak 8. Ekstrak ragi telah memberikan penghasilan
selulase yang tertinggi diikuti dengan pepton, urea, dan (NH4)2S04'. Satu keputusan
yang hampir sama telah didapati antara nilai data yang dikira dengan data percubaan
bagi pertumbuhan sel dan penghasilan selulase , ini menunjukkan bahawa model yang
dicadangkan berasaskan persamaan logistic dan Luedeking-Piret adalah mencukupi
bagi menerangkan pertumbuhan sel A. ferreus dan penghasilan selulase. Aktiviti
maksimum yang diperolehi bagi FPase,CMCase dan B-glukosidase dari fermantasi
dengan 55% DOT adalah masing-masing, 2.33, 51.1 dan 16.18 U/ml. Penghasilan
selulase dari fermenter tangki bergoncang adalah nyata lebih tinggi jika

dibandingkan dengan penghasilan selulase dari kelalang bergoncang. Hasil dari
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pencirinan protein tulen didapati lapan komponen telah dikenal pasti iaitu; empat
endoglukanase (Endo I, II, III dan IV), tiga eksoglukanase (Exo I, II dan III) dan -

glukosidase telah dipisahkan dari persediaan selulase A.terreus .
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

Four major factors that lead to the renewed interest in lignocellulose research are (i)
the increase in demand from the third world countries of modern materials, (ii)
changes in the economics of competing materials, (iii) a renewed concern for our
environment, and (iv) global interest in recycling. After a thousand years,
lignocellulose is once again emerging as a resource of precursors for the production
of polymeric materials, organic chemicals and fuel. The bioconversion process for
converting lignocellulose into fermentable sugars involves three steps, namely, (i)
pretreatment of the substrate, (ii) production of the cellulase enzymes and (iii)
hydrolysis of the pretreated substrate. Much effort in cellulase research has been
directed toward cellulolytic microorganisms, as well as to the structure, function and
synergistic activity of these enzymes. Cellulase is a complex or a mixture of enzymes
that act in concert to hydrolyze crystalline cellulose to glucose. It is known that
cellulase consists of three classes of enzymes, cellobiohydrolases (CBH, EC
3.2.1.91), cleave cellobiosyl units in the ends of cellulose chains, endoglucanases
(EG, EC 3.2.1.4), cleaving middle glucosidic bonds and B-glucosidase (EC 3.2.1.21),
cleaving glucose units from cello-oligosaccharides. Reaction conditions and the
production rate of the related enzyme system extensively influence the production of

the enzyme-based bioconversion technology.



Pretreatment usually targets hemicellulose, lignin or both, in order to make biomass
more accessible. For many years, researchers have been trying to find the alternative
energy sources for the transport fuel because fossil energy is limited. Lately, the
focus has been changed to renewable bioenergy. To achieve low-cost bioethanol,
using lignocellulosic materials is one of the options. Lignocellulosic materials
contain abundant polysaccharides. Pretreatment can help polysaccharides and sugars
to be liberated. The cellulooligomers, known as polysaccharides with enormous
molecular weight, not only require cellulase to perform the hydrolysis of
polysaccharides but also induce cellulases. Therefore, the low-cost bioethanol is
achievable with an economic cellulase production process by optimizing the factors

of culture condition and using lignocellulosic hydrolysate.

In Malaysia, the overall performance of the sector is largely attributed to a large
increase in the production of palm oil. Palm oil has emerged as the fastest growing
commodity oil in the global market, helping to meet the demands from both the food
and non-food sectors. The oil palm tree itself is the most efficient oil bearing crop
with an ability to produce oil yield almost 6-10 times higher than the other oil-
bearing crops. The palm oil industry also contributes to the rising need for biodiesel.
Indeed, there could be a major oil shortage without Malaysian palm oil to cater for
the current food and fuel demands. Cellulase refers to a division of enzymes
produced mostly by fungi, bacteria, and protozoans that catalyse the cellulolysis (or
hydrolysis) of cellulose. On the other hand, there are also cellulases produced by
other type of organisms such as plants and animals. Several different kinds of
cellulases are known, which vary structurally and mechanistically (Chapin et al.,

2006). Scientific community have tough interests in cellulases because of their



applications in industries as follows: starch processing, animal food production, grain
alcohol fermentation, malting and brewing, extraction of fruit and vegetable juices,
pulp and paper industry, and textile industry (Adsul et al., 2007; Kaur et al., 2007).
However, the major bottleneck of inclusive application of cellulase in industry is the
high cost of the enzyme production. Great cost decrease may be possible by
exploring ways of cellulose change by using microorganisms that produce
cellulolytic enzymes. It is so essential to look for microorganisms that have a high

rate of cellulase production (Kotchoni and Shonukan, 2002).

The commercial cellulases are mostly extracellular enzymes produced by mesophilic
or thermophilic fungi (Kim et al., 2005). Since the use of cellulose, degrading
enzymes are related to industrial processing and operating at high temperature,
application of thermostable enzymes produced by mesophilic or thermophilic fungi
appears to be advantageous. Aspergillus species are major agents of decompositions,
decay, and thus possess the capability to produce a wide range of enzymes. Cellulase
production has been described for various Aspergillus species (Lockington et al.,
2002; Ong et al., 2004; Wang et al., 2006), but only a few reports available on
produce cellulase production from Aspergillus terreus (Emtiazi et al., 2001;
Workman and Day, 1982). So far, few studies have done on the cellulase production
of A. terreus. The rate of cellulase production is influenced by many factors, such as,
environmental conditions, medium composition and hydrodynamic conditions within
the fermenter. The effect of different types of nitrogen sources on cellulase
production have been investigated (Chaabouni et al., 1995; Gottvaldova et al., 1982;
Tong and Rajendra, 1992; Umikalsom et al., 1997b). However, the effects of the

concentrations of nitrogen sources on the ratio activities of three major components



of the cellulase complex have not been well quantified. Although the effect of
agitation intensity or shear rate on the cellulase producing activity of fungus has been
investigated (Mukataka et al., 1988; Wase et al., 1985), very little attention has been
paid to the influence of dissolved oxygen tension in the culture during fermentation
at a fixed agitation speed on the synthesis of all the three major components of
cellulase. Since very little report on the effect of dissolved oxygen level on cellulase
production is available in literature, study on this aspect deserves further detailed

investigated.

1.2 SIGNIFICANT OF STUDY

The major aim of cellulase application is for the conversion of lignocellulosic
materials into fermentable sugars. During production of bioethanol, the cost of the
enzymes used for hydrolysis needs to be reduced and the enzyme’s efficiency needs
to be enhanced to make the economically feasible. The enzyme production costs are
firmly connected with the productivity of enzyme-producing microbial strain and the
final (protein) yield in the fermentation. Producing cellulase is a key factor in the
hydrolysis of cellulosic material and it is important to make the process economically
viable. Therefore, the scope of research here falls into the examination of the
cellulase production using various treatment methods and the examination of the

factors affecting cellulase production.

In the industrial processing of oil palm fruit into oil, a large amount of oil palm
empty fruit bunch (OPEFB) is generated. Having little commercial value, they

become a disposal problem due to bulk density, thus occupying large storage volume



and usually employed as fuel in the factory. As a lignocellulosic material, OPEFB

represent a renewable and low cost material resource for production of fermentable

sugars or for transformation into chemicals and other high value-added products.

OPEFB is available in large quantities and has fairly high cellulose content with an

average of 50% based on an oven dried basis; it appears to be potential substrate for

cellulase production. Several studies in the literature indicated that the carbon source

used in cultivations is one of most important factors affecting the cost and yield of

cellulase production. Therefore, an economic and viable pretreatment process for

lignocellulosic materials should be investigated.

1.3 RESEARCH OBJECTIVES

)

2)

3)

“4)

(&)

The specific objectives of the present project were;

To screen and isolate the cellulase producer of fungi from local sources that
have high ability to degrade OPEFB fiber.

To investigate the effect of different chemical, physical and biological
treatments on OPEFB fibers for subsequence usage as substrate in cellulase
production by the isolated fungi.

To optimize medium composition and growth factors for the production of
cellulase enzyme by the isolated strain in the shake flask technique.

To optimize the environmental conditions for cellulase production and kinetics
of cellulase fermentation by the isolated strain, used OPEFB as substrate in the
2 L stirred tank fermenter.

Purification and characterization of cellulase enzyme.



REFERENCES

Abatzoglou, N., Chomet, E., Belkacemi, K. and Overend, R. 1992,
Phenomenological kinetics of complex systems: the development of a
generalized  sceverity  parameter and its application to lignocellulosics
fractionation. Chemical Engineering Science 47: 1109-1122.

Abdel-Fattah, A.F., Osman, M.Y. and Abdel-Naby, M.A. 1997, Production and
immobilization of cellobiase from spergillus niger A20. Chemical
Engineering Journal 68: 189-196.

Accebal, C., Castillon, M.P., Estrada, P., Mata, 1., Costa, E., Aguado, J., Romero. D.
and Jimenez, F. 1986. Enhanced cellulase production from 7richoderma
reesei QM 9414 on physically treated wheat straw. AApplied Microbiology and
Biotechnology 24: 218-2235.

Aden, A., Ruth, M., Ibsen, K., Jechura, J., Neeves, K., Sheehan, J., Wallace, B.,
Montague. L., Slayton, A., Lukas, J. Lignoccllulosic biomass to cthanol
process design and cconomics utilizing co-current dilute acid prehydrolysis
and enzymatic hydrolysis for corn stover, NREL/TP-510-32438. June 2002.

Adsul. M.G.. Bastawde, K.B., Varma, A.J. and Gokhale. D.V. 2007. Strain
improvement of Penicillium janthinellum NCIM L1171 for increased cellulase
production. Bioresource Technology 98: 1467-1473.

Alen, R. 2000. Basic chemistry of wood delignification. In: Stenius, P, (Ld.),
Papermaking Science and Technology. Book 3. Forest Products Chemistry.,
pp. 59-104. Fapet Oy, Helsinki, Finland,

Allen, A.L. and Mortensen, R.E. 1981. Production of ccellulases trom 7richoderma
reesei in fed batch fermentations from soluble carbon sources. Biotechnology
and Bioengineering 23: 2641-2645.

Allen, A.S. and Sternberg, D. 1980. (-Glucosidase production by Aspereillus
phoenicis n stirred-tank  fermentors.  Biotechmology and  Bioengineering

Symposium 10: 189-197.

Ando. H., Sakaki, T., Kokusho, T., Shibata, M., Uemura, Y. and Hatates, Y. 2000,
Decomposition  behavior of plant biomass in  hot-compressed  water.
Industrial and Engineering Chemistry Research 39, 3688-3693.

Arai, M., Sakamoto, R. and Murao, S.1987. Enzymatic properties of two avicelases

from cAspergillus aculeatus No. F-50. Agricultural and Biological Chemistry
51, 627-633.

Araujo, A. and D'Souza, J. 1986. Characterization of cellulytic enzyme components

from Aspergillus terreus and it mutant. Journal of Fermentation Technology
64, 463-467.

181



Bailey. J.E. and Ollis, D.I. 1986. The kinetics of enzyme-catalyzed reactions. In:
Bailev, JLE. and D.F. Ollis, pp: 86-156 (eds.), Biochemical Engincering
Fundamentals. 2™ edn. McGraw-Hill, New York. k

Ballesteros. .. Negro, MJ.. Oliva, J.M., Cabanas, A., Manzanarcs, P. and
Ballesteros, M. 2006. Ethanol production from steam-explosion pretreated
wheat straw. Applied Biochemistry and Biotechnology 130: 496-508.

Bayver. E.A. Chanzy, H.. Lamed, R. and Shoham, Y. 1998a. Cellulose, cellulases and
cellulosomes. Current Opinion in Structural Biology 8: 548-557.

Bayer, 2.A., Shimon, L.J.W., Shoham, Y. and Lamed, R. 1998b. Cellulosomes--
Structure and Ultrastructure. Journal of Structural Biology 124: 221-234.

Beg. Q.K.., Bhushan, B., Kapoor. M. and Hoondal. G.S. 2000. Enhanced production
of a thermostable xylanase from Streptomyces sp. QG-11-3 and its
application in biobleaching of eucalyptus kraft pulp. Enzyme and Microbial
Technology 27: 439-460.

Beg. Q.. Kapoor, M., Mahajan, L. and Hoondal. G. 2001. Microbial xylanases and
their industrial —applications: a  review. pplicd  Microbiology —and
Biotechnology 56: 326-338.

Béguin, P, and Aubert, LP. 1994, The biological degradation of cellulose. FEMS
Microbiology Reviews 131 25-38.

Bere. B. 1975, Cellulose location in Cellvibrio fulvus. Canadian Jowrnal of
Microbiology 21: 51-37. |

Bere, B.oand Pettersson, G. 1977, Location and formation of cellulases in
Trichoderma viride. Journal of Applied Bacteriology 42: 65-75.

Berg, B. and Von Hofsten, A. 1976. The ultrastructure of the fungus 7richoderma
viride and investigation of its growth on cellulose. Journal of Applicd
Bacteriology 41: 395-399.

Bhat. M.K. 2000. Cellulases and related enzymes in biotechnology. Biotechnology
Advances 18, 355-383.

Bhat, MLK. and Bhat, S. 1997, Cellulose degrading enzymes and their potential
industrial applications. Biotechnology Advances 15: 583-620).

Bicly, P.. Vranska, M., Tenkanen, M. and Kluepfel, D. 1997. Endo-B-1, 4-xylanase
familics: ditferences in catalytic properties. Journal of Biotechnology S7:
151-1066. "

Biermann, C., Schultz, T. and Mcginnia, G. 1984. Rapid stcam hydrolysis/extraction
of mixed hardwoods as a biomass pretreatment. Journal of Wood Chemistry
and Technology 4: 111-128.

182



Bonn. G.. Concin. R. and Bobleter, O. 1983. Hydrothermolysis a new process for the
utilization of Biomass. Wood Science and Technology 17: 195-202.

Borowitzka, M.A. 1988. Vitamins and fine chemicals form micro-algac. In:
Borowitzka, M.A., L.J. Borowitzka, pp. 1069-174 (eds.), Micro Algal
Biotechnology. Cambridge University Press..

Bracey. D.. lolyoak, C.D., Nebe-Von Caron, G. and Coote, P.J. 1998,
Determination of the intracellular pH of growing cells of Saccharomyces
cerevisiae: The effect of reduced-expression of the membrane H-+-ATPase.
Journal of Microbiological Methods 31: 113-125.

Bradtord, M.M. 1976. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein dye binding.
Analvtical Biochemistry 72: 248-254.

Bradner, LR.. Gillings, M. and Nevalainen, K.IM.H. 1999. Qualitative assessment of
hydrolytic activities in antarctic microfungi grown at different temperatures
on solid media. World Journal of Microbiology and Biotechnology 15: 143-
145.

Breuil. C. and Kushner, D.J. 1976. Cellulase induction and the use of cellulose as a
preferred  growth  substrate by Cellvibrio gilvus. Canadian  Journal of
Microbiology 22: 1776-1781.

Brown. D.E. and Zainudeen, M.AL 1977, Growth Kinctics and cellulase biosynthesis
in the continuous culture of Trichoderma viride. Biotechnology and
Bioengineering 19: 941-958.

Brown, J.A., Collin, S.A. and Wood, T.M. 1987. Development of @ medium for high
cellulase, xylanase and B-glucosidase production by a mutant strain (NTG
111/6) of the cellulolytic ftungus Penicillium  pinophilum.  Enzyme  and
Microbial Technology 9: 355-360.

Brown, R.C. 2003. Biorcnewable resources: engineering new  products  from
agriculture. Ames, IA: Blackwell Publishing Co. New York,

Buyer, J.S., Roberts, D.P., Millner, P. and Russck-Cohen, E. 2001. Analysis of
fungal communitics by sole carbon source utilization profiles. Journal of
Microbiological Methods 45: 53-60.

Byrne, K.A., Lehnert, S.A., Johnson, S.E. and Moore, S.8. 1999. Isolation of a
cDNA e¢ncoding a putative cellulase in the red claw crayfish cherax
quadricarinatus. Gene 239: 317-324.

Carle-Urioste, J.C., Escobar-Vera, J., El-Gogary, S., Henrique-Silva, I, Torigoi, 1.,
Crivellaro, O., Herrera-Estrella, A. and El-Dorry, 11 1997, Cellulase
induction in Trichoderma reesei by cellulose requires its own  basal
expression. Journal of Biological Chemistry 272: 10169-10174.



Castanon, M. and Wilke, C.R. 2004. Effects of the surfactant Tween 80 on enzymatic
hydrolysis of newspaper. Biotechnology and Bioengineering 23: 1365- f}73

Cavaco-Paulo, A. 1998. Mechanism of ccllulase action in textile processes.
Carbohydrate Polymers 37: 273-277.

Cavaco-Paulo, A. and Gubitz, G.M. 2003. Catalysis and Processing. In: Teviile
Processing with Enzyme, Cavaco-Paulo, A. and G.M. Gubitz, pp. 86-119
(¢ds.), CRC Press, Boca Raton, IFL, USA.

Chaabouni, S.E., Belguith, F., Hassairi, L, M'Rad, K. and Ellouz, R. 1995,
Optimization of ccllulase production by Penicillium occitanis. Applicd
Microbiology and Biotechnology 43: 267-269.

Chaabouni, S.E., Hadj-Taicb, N., Mosrati, R. and Ellouz, R. 1994, Prehminary
assessment of penicillium occitanis cellulase: A further uscful S\'.\'(cn;
Enzyme and Microbial Technology 16: 538-542. ’

Chahal, P.S., Chahal, D.S. and Andre, G. 1992, Cellulase production profile of
Trichoderma reesei on different cellulosic substrates at various pH levels.
Jowrnal of Fermentation and Bioengineering 74: 126-128.

Chang, S. T. and Quimio, T. 1. 1984, Tropical Mushrooms. Biological nature and
cultivation methods, The Chinese University Press, Hong Kong

Chang, W.T.H. and Thayer, D.W. 1977. The ccllulase system ol o Cyrophaga
species. Canadian Journal of Microbiology 23: 1285-1202. . ‘

Chapin, F.S,, Woodwell, G.M., Randerson, 1., Rastcetter, B, Lovett, G,
Baldocchi, D.D., Clark, D.A., Harmon, M.E., Schimel, D.S. and Valentini, R,
2006. Reconciling carbon-cycle concepts,  terminology.  and  micthods.
Fcosystems 9: 1041-1050.

Chaudhuri, B.K. and Sahai, V. 1993. Production of ccllulase using @ mutant strain of

Trichoderma reesei  growing on lactose in batch culture.  Applicd
Microbiology and Biotechnology 39: 194-1906.

Chen, F., Cai, T., Zhao, G., Liao, X., Guo, L. and Hu, X. 2005, Optimizing,
conditions for the purification of crude octacosanol extract from rice bran
wax by molecular distillation analyzed using response surlace methodology.
Jowrnal of Food Engineering 70: 47-33. o

Chen, G.C. and Johnson, B.R. 1983. Improved colorimetric determination ol cell
wall chitin in wood decay fungi. Applicd and Environmental Microbiolooy

46: 13-16.

M Q@ . ( NI : . .
Chen, S. and Wayman, M. 1992. Novel induccers derived from starch tor cellulase
production by Trichoderma reesci. Process Biochemistry 27: 327-33.

Chow. C.M., Yague, E., Raguz, S., Wood, D.A. and Thurston, C.F. 1994, The ¢l
gene  of  Agaricus  bisporus  codes for a modular  cellulase and iy

184



transcriptionally regulated by the carbon source. Applied and Environmental
Microbiology 60: 2779-2785.

Christakopoulos, P., Macris, B.J. and Kekos, D. 1989. Dircct fermentation of

cellulose to cthanol by Fusarium oxysporum. FEnzyme and Microbial
Technology 11:236-239.

Chua, N.S., 1992. Optimal utilisation of cnergy sources in a palm oil processing
complex. Porim Engineering News 25: 3-6.

Chung, Y.C., Bakalinsky, A. and Penner, M.H. 2005. Enzymatic saccharification and
fermentation of xylose-optimized dilute acid-trcated lignocellulosics. Enzyme
Engineering and Biotechnology 124: 947-961. ‘

('lacyssens, M. and Tomme, P. 1988. Structure-function relationships of cellulolytic
proteins  from  Trichoderma reesei. Trichoderma Reesei  Ccllulascs:
Biochemistry, Genetics, Physiology and Application. Proceedings. ‘Tricell

1989. Royal Society of Chemistry 1990, 1-11.

Clacyssens, M. and Tomme, P., 1990. Structure-function relationships of cellulolytic
proteins from Trichoderma reesei. In: Kubicek, C.P., D.E. Eveleigh, 1.
Esterbauver, W. Steiner, and E.M. Kubicck-Prenz, pp. 1-11 (cds.),
Trichoderma Cellulases Biochemistry, Genetics, Physiology and Application,
Technical Communications and Springer.

Clacyssens, M., Tomme, P., Brewer, C.F. and Hehre, EJ. 1990. Stereochemical
course of hydrolysis and hydration reactions catalysed by cellobiohydrolases
[ and 11 from Trichoderma reesei. FEBS Letters 263: 89-92.

Ciarke., A.J., Drummelsmith, J. and Yaguchi, M. 1997. Identification of the catalytic
nucleophile in the cellulase trom Schizophyllum commune and assignment of
the enzyme to Family 5, subtype 5 of the glycosidases. [FEBS Letters 414:
359-301.

Contts, A.D. and Smith, R.E. 1976. Factors influencing the production of cellulases
by Sporotrichum thermophile. Applied and Environmental Microbiology 31
819.

Cowling, E.B. 1961.Comparative biochemistry of the decay of sweetgum sapwood
by white rot and brown rot fungi Forest Products Laboratory, Forest Service,
U.S. Department of Agriculture Technical Bulletin.

Cullis, LF., Saddler, JN. and Mansfield, S.D. 2004. Effect of Initial Moisture
Content and Chip Size on the Bioconversion Efficiency of Softwood

Lignocellulosics. Biotechnology and Bioenginecring 85: 413-421.

Cutler, P. 2001. Chromatography on the basis of size, In: S. Roe, pp. 187-211.
(Ed.), Protein Purification Techniques, Oxford University Press.

185



D'Aquino, R. 2007. Cellulosic ethanol - Tomorrow's sustainable encrgy source.
Chemical Engineering Progress 103: §-10.

Davis, B., 1985. Factors affecting protoplast isolation. In: Fungal protoplasts:
Application in biochemistry and genetics . Peberdy JI, L. Ferenczy, pp. 45-
72 (eds.), Marcel Dekker, New York.

Dekker, R.F.H. 1983. Bioconversion of hemicelulose: Aspeets of hemicellulase
production by Trichoderma reesei QM 9414 and enzymic saccharification of
hemicellulose. Biotechnology and Bioengineering 25: 1127-1146.

Deshpande, V., Keskar, S., Mishra, C. and Rao, M. 1986. Dircct conversion of
cellulose/hemicellulose to ethanol by Ncurospora crassa. fnzyvme  and
Microbial Technology 8: 149-152.

Dey, G., Mitra, A, Banerjee, R. and Maiti, B.R. 2001. Enhanced production of
amylase by optimization of nutritional constituents using response surface
methodology. Biochemical Engineering Journal 7: 227-231.

Domingues, F.C., Queiroz, J.A., Cabral, J.M.S. and lonscca, L.P. 2000. The
influence of culture conditions on mycelial structure and cellutase production
by Trichoderma reesei Rut C-30. Enzyme and Microbial Technology 26: 394-
401.

Doppelbauer, R., Esterbauer, L, Steiner, W., Lafferty, R.M. and Steinmuller, 1.
1987. The use of lignocellulosic wastes for production of celiulase by
Trichoderma reesei. Applied Microbiology and Biotechnology 26 485-49:,

Duft, S.J.B. 1988. Use of surface-immobolized Trichoderma in batch and fed-batch
fermentations. Biotechnology and Bioengineering 31: 345-348.

Duff, $.J.B. and Murray, W.D. 1996. Bioconversion of forest products industry
waste cellulosics to fuel ethanol: A review. Bioresource Technology 55: 1-33.

Durand, H., Clanet, M. and Tiraby, G. 1988. Genetic improvement of Trichoderma
reesei for large scale cellulase production. Enzyme and Microbial Technology
10: 341-346.

Dwi, S., Hirata, K., Asada, Y. and Miyamoto, K. 2001. Utilization of cyanobacterial
biomass from water bloom for bioproduction of lactic acid. World Journal of
Microbiology and Biotechnology 17: 259-264.

Ellouz, S., Durand, H. and Tiraby, G. 1987. Analytical scparation of Trichoderma
reesei cellulases by ion-exchange fast protein liquid chromatography. Jowrnal

of Chromatography 396: 307-317.

Emtiazi, G., Naghavi, N. and Bordbar, A. 2001. Biodegradation of lignocellulosic
waste by Aspergillus terreus. Biodegradation 12: 259-263.

186



Eriksson, K.E. 1978. Enzyme mechanisms involved in cellulose hydrolysis by the rot
fungus Sporotrichum pulverulentum. Biotechnology and Bioengineering 20):
¢ B - &S

317-332.

Eriksson, K.E. and Pettersson, B. 1975. Extracellular cnzyme system utilized by the
fungus Sporotrichum  pulverulentum (Chrysosporium lignorumy for the
breakdown of cellulose. [III. Puritication and physico  chemical
characterization of an exo 1,4 B-glucanase. European Journal of Biochemistry
51:213-218.

Eriksson, K.E. and Rzedowski, W. 1969. Extracellular enzyme system utilized by the
fungus Chrysosporium lignorum for the breakdown of ceHulose. L. Studices on
the enzyme production. Archives of Biochemistry and Biophysics 129: 683-
688. '

Friksson, T., Borjesson, J. and Tjerneld, I'. 2002, Mcchanism ol surfactant effect in
enzymatic hydrolysis of lignoccllulose. Fnzyme and Microbial Technology
31:353-364. -

listerbauer, H., Steiner, W., Labudova, I, Ilermann, A. and Hayn, M. 1991,
Production of Trichoderma ccllulase in laboratory and pilot  scalc.
Bioresource Technology 36: 51-65.

Fvans, C.S. 1985. Properties of the 3-D-glucosidase (cellobiase) from the wood-
rotting fungus, Coriolus versicolor. Applied Microbiology and Biotechnology
22: 128-131. -

Bvans, E.T., Wales, D.S., Bratt, R.P. and Sagar, B.F. 1992, Investigation of an
endoglucanase essential for the action of the cellulase system ot Trichoderma
reesei on crystalline cellulosc. Journal of General Microbiology 138: 1639-

1646.

Ian, L.T., Gharpuray, M.M. and Lee, Y.I1. 1987. Design and cconomics evaluation
of cellulose hydrolysis processes. In: - Cellulose hydrolysis. Biotechnology
Monographs, 57, 149-187. New York: Springer-Verlag. 3

Fan, L.T., Lee, Y.H. and Beardmore, D.IL 2004, Mcechanism of the enzymatic
hydrolysis of cellulose: effects of major structural features of cellulose on
enzymatic hydrolysis. Biotechnology and Bioengincering 22: 177-199.

i‘ernandez-Bolanos, J., Felizon, B., Herediaz.ast, A., Guillen, R and Jimenez, A
1999. Characterization of the lignin obtained by alkaline delignification and

of the cellulose residue from steam-exploded olive stones. Bioresource
Technology 68: 121-132.

Forage, R.G, Harrison, D.E.F. and Pitt, D.EE. 1985, Effeet of environment on
microbial activity. In: Moo-Young M, AT, Bull, H. Dalton, pp. 251-280.
(eds.), Comprehensive Biotechnology. ‘The  Principles, Application  and
Regulation of Biotechnology in Industry, Agriculture and Medicine. Oxtord:
Pergamon Press.

187



Foreman, P.K., Brown, D., Dankmeyer, L., Dean, R., Dicner, S., Dunn-Coleman,
N.S., Goedegebuur, F., Houfek, T.D., England, G.J., Kelley, A.S., Meerman,
H.J., Mitchell, T., Mitchinson, C., Olivares, HLA., Teunissen, P.JM., Yao, J.
and Ward, M. 2003. Transcriptional regulation of biomass-degrading
enzymes in the filamentous fungus Trichoderma reesei. Journal of I}i(:/ugia;l
Chemistry 278: 31988-31997. ’ '

Fritsche, E., Paschos, A., Beisel, H.G., Bock, A. and Huber, R. 1999, Crystal
structure of the hydrogenase maturating endopeptidase HYBD  from
Escherichia coli. Journal of Molecular Biology 288: 989-998.

Fujii, M. and Shimizu, M., 1986. Synergism of endocenzyme and cxocnzyme on
hydrolysis of soluble cellulose derivatives.  Biotechnology — and
Bioengineering 28: 878-882. )

Gadgil, N.J., Daginawala, H.F., Chakrabarti, T. and Khanna, P. 1995, Enhanced
cellulase production by a mutant of Trichoderma reesci. Fnzyme  and
Microbial Technology 17: 942-946.

Garrote, G., Dominguez, H. and Parajo, J. 1999. Ilydrothcrmal processig of
lignocellulosic materials. European Journal of Wood and Wood Products 57:
191-202.

Garrote, G., Dominguez, H. and Parajo, J.C. 2002. Autohydrolysis of corncob: Study
of non-isothermal operation for xylooligosaccharide production. Jonrnal of
Food Engineering 52: 211-218. ‘

Ghani, B.A. and Rickard, P.A.D. 1990. Enzymatic hydrolysis of" lignoccllulose:
Contribution of b-glucosidase. ASEAN Food Journal 5: 51-70.

Ghose, T.K. 1969. Cellulase research. Chemical and Engineering News 47: 7-8.

Ghose, T.K., Pannir Selvam, P.V. and Ghosh, P. 1983, Catalytic solvent
delignification of agricultural residues: Organic catalysts. Biotechnology and
Bioengineering 25: 2577-2590. )

Gilligan, W. and Reese, E.T., 1954. Evidence for multiple components in microbial
cellulases. Canadian Journal of Microbiology 1: 90-107.

Goering, H.K. and Van Soest, P.J. 1970. Forage fiber analysis. Agricultural
handbook. US Department of Agriculture, Washington, DC.

Goldstein, M.A., Takagi, M., Hashida, S., Shoseyov, O., Doi, R.I. and Scgel, LI
1993. Characterization of the cellulose-binding domain of the Clostridium
cellulovorans cellulose-binding protein A. Journal of Bacterioloey 175:
5762. ‘ oo

Gomes, J., Gomes, L, Esterbaucr, H., Kreiner, W. and Steiner, W. 1989, Production
of cellulases by a wild strain of Gliocladium virens: optimization of the

188



fermentation medium and partial characterization of the enzymes. Applicd
Microbiology and Biotechnology 31: 601-608.

Gong, C.S.. Cao, N. and Tsao, G.T. 1997. Biological Production of 2,3-Butancdiol
from Renewable Biomass, ACS Symposium Series 666: 280-293.

Gong, C.s., Maun, C.M. and Tsao, G.T., 1981. Direct termentation of cellulose to
cthanol by a cellulolytic filamentous fungus, Monilia sp. Biotechnology
Letters 3: 77-82. ‘

Gottvaldova, M., Kucera, J. and Podrazky, V. 1982. TFed-batch cultivation of
Trichoderma viride: Effect of pH and nitrogen source supplementation on
cellulase production. Biotechnology Letters 4: 645-640.

Gould, J.M. 1985, Studies on the mechanism of alkaline peroxide delignification of
agricultural residues. Biotechnology and Bioengineering 27: 225-23 ]

Gregg, DJ. and Saddler, J.N. 1996. Factors aftecting cellulose hydrolysis and the
potential of enzyme recycle to enhance the efficiency of an integrated wood
to cthanol process. Biotechnology and Bioengineering 51:375-383.

Gritzali, M. and Brown, R.D. 1979. The cellulase system of Trichoderma:
Relationships between purified extracellular enzymes  from induced  or
cellulose-grown cells. Advance Chemistry Series 181: 237-260.

Gueguen, Y., Chemardin, P, Armaud, A. and Gaizy, P. 1995, Purification and
characterization of an intracellular B-glucosidase from Botrytis cinerea
Enzyme and Microbial Technology 17: 900-9006. .

Haber. F. and Klemensiewicz, Z. 1909. Electrical phase boundary forces. Zei 1l
b S cZ, L g [ ary forces. Zeitschr
Jfuer Physikalische Chemie 67:385-431. el

addadin, M.S.Y., Abu-Reesh, .M., Haddadin, F.A.S. and Robinson, R.K. 2001
Utilisation of tomato pomace as a substrate for the production of vit'unil;
B12. A preliminary appraisal. Bioresource Technology 78: 225-230).

[agerdal, B., Harris, H. and Pye, E.K. 2004. Association of -glucosidase with intact
cells of Thermoactinomyces. Biotechnology and Bioengineering 21: 345-355

[alliwell, G. and Griftin, M. 1978. Affinity chromatography of the cellulase system
of Trichoderma koningii. Biochemical Journal 169: 713-715.

[lamelinck, C.N., Van Hooijdonk, G. and Faaij, A.P.C. 2005. Ethanol from
lignocellulosic biomass: Techno-cconomic pertormance in short-, middle-
and long-term. Biomass and Bioenergy 28: 384-410).

Hari Krishna, S., Sekhar Rao, K.C., Surcsh Babu, J. and Srirami Reddy, D. 2000

Studl?s on the production and application of ccllulase from 7Trichoderma
reesei QM-9414. Bioprocess and Biosystems Engineering 22: 467-470

189



Hassan, H.M. 1976. Diminution of outer membrane permeability by Mo in a
marine pseudomonad. Journal of Bacteriology 125: 910-915. )

Helle, S.S., Duff, S.J.B. and Cooper, D.G. 1993. Effcct of surfactants on ccllulose
hydrolysis. Biotechnology and Bioengineering 42: 611-617.

IHenrissat, B. and Davies, G. 1997. Structural and sequence-based classification of
glycoside hydrolases. Current Opinion in Structural Biology T: 637-64:.

Henrissat, B., Driguez, H., Viet, C. and Schiilein, M. 1985. Syncrgism of cellulases
from Trichoderma reesei in the degradation of cellulose.  Nature
Biotechnology 3: 722-726.

Higa, T. and Parr, JL.F. 1994 Beneficial and effective microorganisms for a
sustainable agriculture and environment. Atami, Japan: International Nature
Farming Research Center.

Hlighley, T.L. and Dashek, W.V. 1998. Biotechnology in the study of brown- and
white-rot decay. In: A. Bruce , J.W. Palfrecyman, pp. 15-36 (cds.), Forest
Products Biotechnology

filary, Z.D., Tripetchkul, S. and Ishizaki, A. 1996. Ethanol Production from Sago
Starch. Anme Reports ICBiotech 19: 237-242. i

Himmel, M.E., Adney, W.S., Baker, J.O., Elander, R, McMillan, FD. Nieves, RUA L
Shechan, J.J., Thomas, S.R., Vinzant, T.B. and Zhang, M. 1997. Advanced
Biocthanol Production Technologics: a Perspective, ACS Svmposium Series
66: 2-45.

(timmel, M.E., Ding, S.Y., Johnson, D.K., Adney, W.S., Nimlos, M.R.. Brady., 1.\
and Foust, T.D. 2007. Biomass recalcitrance: Engincering plants and
enzymes for biofuels production. Science 315: 804-807.

(limmel, M.E., Ruth, M.F. and Wyman, C.E. 1999, Cellulase for commodity
products from cellulosic biomass. Current Opinion in Biotechnology 10: 358-

304.

[foltzapple, M.T., Jun, J.H., Ashok, G., Patibandla, S.L. and Dale, B.E. 1991, The
ammonia freeze explosion (AFEX) process. Applicd Biochemistry and
Biotechnology 28: 59-74. )

[lu, Z. and Wen, Z. 2008. Enhancing enzymatic digestibility of switchgrass by
microwave-assisted alkali pretreatment. Biochemical Isngineering Journal 38:
9] ¢ " M
369-378.

[ui, Y.S., Amirul, A.A., Yahya, ARM. and Azizan. M.N.M. 2009, Cellulase

production by free and immobilized Aspergillus terreus. World Journal of
Microbiology and Biotechnology 26:1-6. '

190



Husin, M., Zakaria, Z.Z. and Hassan, A.H. 1987. Potentials of oil palm by-products
as raw materials for agro-based industries. In: Procecding of the ,\f'(,,,',,,,(,l/
Symposium on Qil Palm By-Product for Agro-based Industries . PORIN
Selangor, Malaysia. )

Hwang, J.T. and Suzuki, H. 1976. Intraceliular Distribution and Some Propertics of -
Glucosidases of a Cellulolytic Pseudomonad. Agricultural and Biological
Chemistry 40: 2169-2175. -

Ikeda, Y., Park, E.Y. and Okuda, N. 2006. Bioconversion of waste office paper to
gluconic acid in a turbine blade reactor by the [ilamentous fungus AAspergillis
niger. Bioresource Technology 97: 1030-1035. N

Ingram, L.O,, Lai, X., Moniruzzaman, M., Wood, B.E. and York, S.W. 1997. Fucl
Ethanol Production from Lignocellulose Using Genetically Enginceered
Bacteria, ACS Symposium Series 666: 57-73. ) )

ingram, T., Rogalinski, T., Bockemiihl, V., Antranikian, G. and Brunner, G. 2009,
Semi-continuous liquid hot water pretreatment of rye straw. 7he Jowrnal of
Supercritical Fluids 48: 238-240. '

Ishaque, M. and Kluepfel, D. 1980. Cellulase complex of a mesophilic Streptonnvees
strain. Canadian Jowrnal of Microbiology 26: 183-189. '

Ishikuro, E. 1993. Feed additives. Modern Media 46:289-290.

fohnson, E.A., Sakajoh, M. and Halhwell, G., 1982, Saccharification ol complex
cellulosic substratcs by the ccllulase system from Clostridivum thermaocellum
Applied and Environmental Microbiology 43: 1125-1132.

johnvesly, B., Virupakshi, S., Patil, G.N., Ramalingam. A. and Naik, G.R. 2002
Cellulase-frec  thermostable alkaline xylanase  from  thermophilic .'m;i
alkalophilic Bacillus sp. JB-99. Journal of Microbiology and Biotechnology
12: 153-156.

Jrgensen, H., Eriksson, T., Borjesson, J., Tjerneld, F. and Olsson, 1. 2003,
Purification and characterization of five cellulases and one xylanase from
Penicillium brasilianum IBT 20888. Enzyme and Microbial Technology 32
851-861.

Irgensen, L, Vibe-Pedersen, J., Larsen, J. and Ielby, €. 2007, Liquefaction of
lignocellulose  at  high-solids concentrations.  Bioteclmolooy  and
Bioengineering 96: 362-870.

Ju, L.K. and Afolabi, O.A. 1999. Wastepaper hydrolysate as soluble inducing

substrate for cellulase production in continuous culture ol Trichoderma
reesei. Biotechnology Progress 15: 91-97.

191



Jun, H., Bing, Y., Keying, Z., Xuemei, D. and Daiwen, C. 2009. Strain improvement
of Trichoderma reesei Rut C-30 for increased cellulase production. Indian

Journal of Microbiology 49: 188-195.

Kadam, K.L. and McMillan, J.D. 2003. Availability of corn stover as a sustainable
feedstock for bioethanol production. Bioresource Technology 88: 17-25.

Kalogeris, E., Christakopoulos, P., Katapodis, P., Alexiou, A., Vlachou, S., Kckos,
D. and Macris, B.J. 2003. Production and characterization of cellulolytic
enzymes from the thermophilic fungus Thermoascus aurantiacus under solid
state cultivation of agricultural wastes. Process Biochemistry 38: 1099110,

Kansoh, A.L., Essam, S.A. and Zeinat, A.N. 1999. Biodegradation and utilization of

bagasse with Trichoderma reesie. Polymer Degradation and Stability 63:
273-278. )

Karaffa, L., Fekete, E., Gamauf, C., Szentirmai, A., Kubicek, C.P. and Sciboth, B.
2006. D-Galactose induces cellulase gene expresston in Hypocrea jecorina at
low growth rates. Microbiology 152: 1507-1514.

Karr, W.E. and Holtzapple, M.T. 1998. The multiple benefits of adding non-ionic
surfactant during the enzymatic hydrolysis of corn stover. Biotechnology and
Bioengineering 59: 419-427.

Kaur, J., Chadha, B.S., Kumar, B.A. and Saini, H.S., 2007. Purification and
characterization of two endoglucanases from Melanocarpus sp. MTCC 3922,
Bioresource Technology 98: 74-81.

Kaya, F., Heitmann Ir, J.A. and Joyce, T.W. 1995. Influence of surfactants on the
enzymatic hydrolysis of xylan and cellulose. Tuppi journal 78: 150-157.

Keller, N.P., Turner, G. and Bennett, J.W. 2005. Fungal sccondary metabolism from
biochemistry to genomics. Nature Reviews Microbiology 3: 937-947.

Khan, S.R. and Strange, R.N. 1975. Evidence for the role of a fungal stimulant as a
determinant of differential susceptibility of jute cultivars to Colletotrichum
corchori. Physiological Plant Pathology 5: 157-162.

Khanal, S.K., Montalbo, M., Van Lecuwen, J., Srinivasan, G. and Grewell, D. 2007.
Ultrasound enhanced glucose release from corn in  cthanol plants.
Biotechnology and Bioengineering 98: 978-985.

Kim, J.Y., Hur, S.H. and Hong, J.H. 2005. Purification and characterization of an
alkaline cellulase from a newly isolated alkalophilic Bacillus sp. HSH-810.
Biotechnology Letters 27: 313-316.

Kim, S.B., Um, B.H. and Park, S.C., 2001. Effect of pretreatment reagent and

hydrogen peroxide on enzymatic hydrolysis of oak in percolation process.
Applied Biochemistry and Biotechnology 91: 81-94.

192



Kim, T.H., Kim, J.S., Sunwoo, C. and Lee, Y.Y. 2003. Prctreatment of corn stover
by aqueous ammonia. Bioresource Technology 90: 39-47.

Kim, T.H. and Lee, Y.Y. 2006. Fractionation of corn stover by hot-water and
aqueous ammonia treatment. Bioresource Technology 97: 224-232.

Kim, Y., Peyrol, S., So, C.K., Boyd, C.D. and Csiszar, K. 1999. Coexpression of the
lysyl oxidase-like gene (LOXL) and the gene encoding type I procollagen in
induced liver fibrosis. Journal of Cellular Biochemistry 72: 181-188.

Kinoshita, S., Okuno, K., Sawamura, K. and Yoshida, T. 1991. Characterization of
multi-cellulases of Sporotrichum  cellulophilum by using monoclonal
antibodies. Journal of Fermentation and Bioengineering T1: 151-155.

Kitchaiya, P., Intanakul, P. and Krairiksh, M. 2003. Enhancement of cnzymatic
hydrolysis of lignocellulosic wastes by microwave pretreatment under
atmospheric pressure. Journal of Wood Chemistry and Technology 23: 217-
225.

Kluczek-Turpeinen, B., Maijala, P., Tuomela, M., Hofrichter, M. and Hatakka, A.
2005. Endoglucanase activity of compost-dwelling fungus Paccilomyces
inflatus is stimulated by humic acids and other low molecular mass
aromatics. World Journal of Microbiology and Biotechnology 21: 1603-1609.

Knauf, M. and Moniruzzaman, M. 2004. Lignoccllulosic biomass processing: A
perspective. International Sugar Journal 106: 147-150.

Koba, Y. and Ishizaki, A. 1990. Chemical composition of palm fiber and its
feasibility as cellulosic raw material for sugar production. Agricultural and
Biological Chemistry 54: 1183-1187.

Kolar, H., Mischak, H., Kammel, W.P. and Kubicck, C.P., [985,
Carboxymethylcellulase and B-glucosidasc  scerction by protoplasts of
Trichoderma reesei. Journal of General Microbiology 131: 1339-1347.

Kolbe, J. and Kubicek, C.P. 1990. Quantification and identification of the main
components of the Trichoderma cellulase complex  with  monoclonal
antibodies using an enzyme-linked immunosorbent assay (ELISA). Applied
Microbiology and Biotechnology 34: 26-30

Kotchoni, S.0. and Shonukan, O.0. 2002. Regulatory mutations affecting the
synthesis of cellulase in Bacillus pumilus. World Journal of Microbiology
and Biotechnology 18: 487-491.

Kristo, E., Biliaderis, C.G. and Tzanetakis, N. 2003. Modclling of the acidification
process and rheological properties of milk fermented with a yogurt starter

culture using response surface methodology. Food Chemistry 83: 437-446.

Kubicek, C.P. 1987. Involvement of a conidial endoglucanase and a plasma-
membrane-bound B-glucosidase in the induction of endoglucanase synthesis

193



by cellulose in Trichoderma reesei. Jowrnal of General Microbiology 133:
1481-1487. ‘

Kubicek, C.P., Mikus, M., Schuster, A., Schmoll, M. and Sciboth, B. 2009.
Metabolic engineering strategies for the improvement of cellulase production
by Hypocrea jecorina. Biotechnology and Biofuels 2: 19-32.

Kubicek, C.P. 1981. Release of carboxymethyl-cellulase and B-glucosidase from ccll
walls of Trichoderma reesei. European Journal of Applied Microbiology and
Biotechnology 13: 220-231.

Kuhad, R.C. and Singh, A. 1993. Enhanced production of ccllulases by Penicillium
citrinum in solid state fermentation of cellulosic residue. World Journal of
Microbiology & Biotechnology 9: 100-101. .

Kume, T., Ito, H., Ishigaki, L, Lebaijuri, M., Othman, Z., Ali, I'.; Mutaat, 1111
Awang, M.R. and Hashim, A.S. 2006. Effect of gamma irradiation m;
microorganisms and components in empty {ruit bunch and palm press fibre of
oil palm wastes. Journal of the Science of Food and Agriculture 52: 147-157.

Kuzmanova, S.. Vandeska, E. and Dimitrovski, A. 1991. Production of mycclial
protein and cellulolytic enzymes from food wastes. Journal of Industrial
Microbiology 7: 257-261.

lLam, M.K., Tan, K.T., Lee, K.T. and Mohamed. A.R. 2009. Malaysian paln oil:
Surviving the food versus fuel dispute for a sustamnable future. Renewable
and Sustainable Energy Reviews 13:1456-14064.

Laser, M., Schulman, D.. Allen, S.G., Lichwa, J., Antal, M.J. and Lynd, [..R. 2002
A comparison of liquid hot water and stecam pretreatiments of sugar c‘mg'-
bagasse for bioconversion to ethanol. Bioresource Technologey 81 33l

[ avarack, B.P., Griftin, G.J. and Rodman, D. 2002. 'The acid hydrolysis of sugarcane
bagasse hemicellulose to produce xylose, arabinose, glucose and other
products. Biomass and Bioenergy 23: 367-380.

Lawford, H.G. 1988. A new approach to improving the performance of Zymomonas
in continuous ethanol fermentations.  Applied  Biochemistry
Biotechnology 17: 203-219. )

and

|eclere, M., Blondin, B. and Ratomahenina, R. 1985. Sclection and study of mutants
of Dekkera intermedia and Candida wickerhamii  derepressed  for B-
glucosidase production. F/EMS Microbiology Letters 30: 389-392.

Lee, J. 1997. Biological conversion of lignocellulosic biomass to cthanol. Jowrnal of
Biotechnology 56: 1-24. '

194



Lejeune, R. and Baron, G.V. 1995 Effect of agitation on growth and cnzyvime

production of Trichoderma  reesei in batch  fermentation.  Applicd
Microbiology and Biotechnology 43:249-258.

[cthbridge, G., Bull, AT. and Burns, R.G. 1978. Assay and propertics of 1.3-}3-
glucanase in soil. Soil Biology and Biochemistry 10: 389-391.

Levy, L, Shani, Z. and Shoseyov, O. 2002. Modification of polysaccharides and plant
cell wall by endo-1,4-B-glucanasc and ccllulose-binding  domains,
Biomolecular Engineering 19: 17-30.

fi. L.H., Flora, R.M. and King, K.W. 1965. Individual roles of cellulase components
derived from Trichoderma viride. Archives of Biochemistry and Biophysics
111: 439-447. ' N

Ii, Y.H., Ding, M., Wang, J., Xu, G.J. and Zhao, I. 20006. A novel thermoacidophilic
endoglucanase, Ba-EGA, from a new cellulose-degrading bacterium, Bacilluy
sp.AC-1. Applied Microbiology and Biotechnology 70: 430-4306.

[iming, X. and Xueliang, S. 2004. 'Ifllgh—yicld cellulase production by Trichoderma
reesei 7Z10-02 on corncob residue. Bioresource Technology 91: 259-26.,

Lin. E. and Wilson, D.B. 1987. Regulation of B-1, 4-Endoglucanase Synthesis in
Thermomonospora fusca. Applied and  Environmental  Microbiology 53
1352-13537. '

[ iyana-Pathirana, C. and Shahidi, F. 2005. Optimization ot extraction of phenolic
compounds from wheat using response surface mcethodology. FFood Cheniisory

03: 47-50.

I ockington, R.A., Rodbourn, L., Barnett, S., Carter, C.J. and Kellv, 1N 200
Regulation by carbon and nitrogen sources of o family ol cellulases in
Aspergillus nidulans. Fungal Genetics and Biology 37: 190-190.

I.no, J., Xia, L., Lin, J. and Cen, P. 1997. Kinctics of simultancous saccharification
and lactic acid fermentation processes. Biotechnology Progress 13:702-767,

[Lynch, M.J, Wopat, A.E. and O'Connor, M.L. 1980. Characterization of two new
facultative methanotrophs. Applied and  Environmental Microbiology: 0.
400-407. ‘

f.ynd, LR, Van Zyl, W.H., McBride, LE. and Lascr, M. 2005, Consolidated
bioprocessing  of cellulosic  biomass: An update. Current Opinion in
Biotechnology 16: 577-583.

fynd, L.R., Weimer, P.J., Van Zyl, W.IHL and Pretorius, 1S, 2002, Microbial

cellulose utilization: Fundamentals and biotcchnology. Microbiolooy aned
Molecular Biology Reviews 66: 506-577. h

195



Macarron, R.. Acebal. C., Castillon, M.P., Dominguez, J.M., De la Mata, .,
Pettersson, G.. Tomme, P. and Claeyssens, M., 1993, Mode of action of

endoglucanase I from Trichoderma reesei. Biochemical Journal 289: 867-
873.

Mach, R.L. and Zeilinger, S., 2003. Regulation of gene expression in industrial
fungi: Trichoderma. Applied Microbiology and Biotechnology 60: 515-522.

Macris, B.J. and Galiotou-Panayotou, M. 1986. Enhanced cellobiohydrolase

production from Aspergillus ustus and Trichoderma harzianum. I'nzyme and
Microbial Technology 8: 141-144.

Mahalingeswara Bhat, K. and Wood, T.M. 1992. The cellulase of the anacrobic
bacterium  Clostridium  thermocellum:  isolation,  dissociation,
reassociation of the cellulosome. Carbohydrate Research 227: 293-300.

and

Malherbe, S. and Cloete, T.E., 2002. Lignocellulose biodegradation: undamentals
and applications. Reviews in Environmental Science and Biotechnology 1:
105-1144.

Mandels, M. and Andreotti, R.E. 1978. Problems and challenges in cellulose to
glucose fermentation. Process Biochemistry 13: 265-275.

Mandels, M., Hontz, L. and Nystrom, J. 1974. Enzymatic hydrolysis ot waste
cellulose. Biotechnology and Bioengineering 16: 1471-1493,

Mandels, M. and Reese, E.T. 1999. [Fungal cellulases and the microbial

decomposition of cellulosic fabric. Journal of Industrial Microbiology and
Biotechnology 22: 225-240.

viundels, M. and Weber, J. 1969. The production of cellulases. Advance Chemistry
Series 95: 391-414.

Mandels, M., Weber, J. and Parizek, R. 1971, Enhanced cellulase production by a
mutant of Trichoderma viride. Applied microbiology 21: 152-154.

Mani, S., Tabil, L.G. and Sokhansanj, S. 2004. Grinding performance and physical
properties of wheat and barley straws, corn stover and switch grass. Biomass
and Bioenergy 27: 339-352.

“iartel, P. and Gould, J.M. 1990. Cellulose stability and delignification after alkaline
hydrogen peroxide treatment of straw. Journal of Applied Polymer Science
39: 707-714.

Martinez, A.T., ‘Speranza, M., Ruiz-Duenas, F.J., Ferreira, P., Camarcro, S.. Guillen,
I, Martlnez, M.J., Gutierrez, A. and Del Rio, J.C. 2005. Biodcgradation of
lignocellulosics: Microbial, chemical, and enzymatic aspects of the fungal
attack of lignin. International Microbiology 8: 195-204.

196



Matsubara, H. 1970, Purification and assay of thermolysin. Methods in Enzymology
19: 642-651.

MeGinnis, G.D., Wilson. W.W. and Mullen, C.E. 1983. Biomass pretreatment with
water and high-pressure oxygen. The wet-oxidation process. Industrial and
Engineering Chemisiry Product Research and Development 22: 352-357.

Mellate. A. and Coughlan. M.P. 1980. Synergistic hydrolysis of cellulose by
components of the extracellular cellulase system of Talaromyces emersonii.
FEBS Letrers 117: 319-322.

NMeMillan, J.D. 1994, Pretreatment of lignocellulosic biomass. Enzymatic Conversion
of Biomass for Fuels Production 566: 292-324.

Medve, 1., Karlsson, J., Lee, D.and Tjerneld, F. 1998. Hydrolysis of microcrystalline
cellulose by cellobiohydrolase 1 and endoglucanase I from Trichoderma
reesei: Adsorption, sugar production pattern, and synergism of the enzymes.
Biotechnology and Bioengineering 59: 621-634.

Meurisse. E.. Evrard, LF.. Denoo, O., Crine, M., GrosLambert, S., Bruxelmane, M.
and Thonart, P. 1993. Hydrodynamic stress of cellulases in a bioreactor.
Poster at Seventh Forum for Applied Biotechnology, Mededelingen-
faculteit Landbawyy Univ Gent 58: 1981-1981.

\icttinen-Oinonen. — A..  Londesborough. 1., Joutsjoki, V., Lantto, R. and
Vehmaanper, J. 2004, Three cellulases from Melanocarpus albomyces tor
textile treatment at neutral ptl. Enzyme and Microbial Technology 34: 332-
341

Viller, G.L. 1959. Use of dinitrosalicylic acid reagent for determination of reducing
sugar. Analytical Chemistry 31: 426-428.

Montenccourt, B.S. and Eveleigh, D.E. 1979. Selective screening methods for the
isolation of high yielding cellulase mutants of Trichoderma reesci. Advance
Chemistry Series 181: 289-301.

Morton. A.G. and Broadbent, D. 1955. The formation of extracellular nitrogen
compounds by fungi. Journal of General Microbiology 12: 248-258.

Viosier, N., Hendrickson, R., Ho, N., Sedlak, M. and Ladisch, M. 2005a.
Optimization of pH controlled liquid hot water pretreatment of corn stover.
Bioresource Technology 96: 1986-1993.

Mosier, N., Wyman, C., Dale, B., Elander, R., Lee, Y.Y., Holtzapple, M. and

Ladisch, M. 2005b. Features of promising technologics for pretreatment of
lignocellulosic biomass. Bioresource Technology 96: 673-686.

197



Mitui. G. and Nakamura, Y. 2005. Bioconversion of lignocellulosic waste from
selected dumping sites in Dares Salaam. Tanzania. Biodegradation 16: 493-
199.

Mukataka. S.. Kobayashi, N.. Sato. S. and Takahashi, J. 1988. Variation in ccllulase-
constituting components from frichoderma reesei with agitation intensity.
Biotechnology and Bioengineering 32: 760-763.

Mukhopadhyay. S.N. and Malik, R.K. 1980. Increased production of cellulase of
Trichoderma sp. by pH cycling and temperature protiling. Biotechnology and

Mulchandani, A.. Luong, J.LHL.T. and Leduy, A. 1988. Batch kinetics of microbial
polysaccaride biosynthesis. Biotechnology and Bioengineering 32: 639-646.

Murashima. K.. Nishimura. T., Nakamura, Y., Koga, J., Moriya, T., Sumida, N.,
Yaguchi. T. and Kono, T. 2002. Purification and characterization of new
endo-1,4-B-D-glucanases  trom  Rhizopus oryzae. Enzyme and Microbial
Technology 30: 319-326.

Muthuvelayudham, R. and Viruthagiri. T. 2007. Optimization and modeling of
cellulase protein from Trichoderma reesei Rut C30 using mixed substrate.
African Journal of Biotechnology 6: 041-046.

Nanda. M.. Bisaria, V.S. and Ghose, T.K. 1982. Localization and release mechanism
ol cellulases in Trichoderma reesei QM 9414, Biotechnology Letters 4: 633-
038.

Neero, MJ., Manzanares, P., Ballesteros, 1. Oliva, J. M., Cabanas, A. and
Ballesteros, M. 2003. Hydrothermal pretreatment conditions to enhance

cthanol  production from poplar biomass. Applicd  Biochemistry —and
Biotechnology 108: 87-100.

Nitayavardhana, S., Rakshit, S.K., Grewell, D., Van Lecuwen, J. and Khanal, S.K.
2008. Ultrasound pretreatment of cassava chip slurry to enhance sugar release
for subsequent ethanol production. Biotechnology and Bioengineering 101:
487-496.

Nystrom, J., Andren, AK. and Allen, A.L. 1976. Paper presented at 81° National
AIChE Meeting, Kansas City, Missour.

Ogawa, K. and Toyama, N. 1972. Resolution of the Trichoderma viride cellulolytic
complex. Journal of Fermentation Technology 45: 671-680.

Ogel, Z.B., Yarangumeli, K., Dun, H. and Ifrij, 1. 2001. Submerged cultivation of
Scytalidium — thermophilum  on  complex lignocellulosic  biomass  for

endoglucanase production. Enzyme and Microbial Technology 28: 689-695.

Oksanen, L., Kaprio, J., Mustajoki, P. and Kontula, K. 1998. A common
pentanucleotide  polymorphism of the 3'-untranslated part of the leptin

198



receptor gene generates a putative stem-loop motif in the mRNA and is
associated with serum insulin levels in obese individuals. International
Journal of Obesity 22: 634-640

Oksanen, T.. Perc. J.. Paavilainen, L., Buchert, J. and Viikari, L. 2000. Treatment of
recycled kraft pulps with Trichoderma reesei hemicetlulases and cellulases.
Jowrnal of Biotechnology 78: 39-48.

Olsson, L. and Hahn-Hgerdal, B. 1996. Fermentation of lignocellulosic hydrolysates
for ethanol production. Enzyme and Microbial Technology 18: 312-331.

Ong, L.G.A., Abd-Aziz. S.. Noraini, S., Karim, M.ILA. and Hassan, M.A. 2004.
Enzyme production and profile by Aspergillus niger during solid substrate
fermentation using palm kernel cake as substrate. Applicd Biochemistry and
Biotechnology 118: 73-79.

Onken. U. and Lictke, E., 1989. Etfect of total and partial pressure (oxygen and
carbon dioxide) on aerobic microbial processes.  Bioprocesses  and
Engineering 40: 137-169.

Ooshima, ., Bums, D.S. and Converse, A.O. 2004. Adsorption of ccllulase from
Trichoderma reesei on cellulose and lignacious residue in wood pretreated by
dilute sulfuric acid with explosive decompression.  Biotechnology  and
Bioengineering 36: 446-452.

Ortega, N., Busto, M.D. and Perez-Mateos, M. 2001. Kinctics of cellulose

saccharification by  Trichoderma  reesei  cellulases.  International
Biodeterioration and Biodegradation 47: 7-14.

Osmundsvag, K. and Goksoyr. J. 1975. Cellulases (rom  Sporocytophaga
myxococcoides.  Purification and  properties.  Furopean  Journal ‘ of
Biochemistry 57: 405-409. ‘

Pandey, K.K. 1999. A Study of Chemical Structure of Soft and Hardwood and Wood
Polymers by FTIR Spectroscopy. Journal of Applicd Polymer Science 71:
1969-1975.

Parajo, J.C., Alonso, J.L. and Santos, V. 1995. Delignitication and swelling of
Eucalyptus wood ahead of enzymatic hydrolysis of the cellulosic fraction.
Process Biochemistry 30: 537-545.

Pardo, A.G. 1996. Effect of surfactants on ccllulase production by Nectria
catalinensis. Current Microbiology 33: 275-278.

Peitersen, N. 1977. Continuous cultivation of Trichoderma viride on ccllulose
Biotechnology and Bioengineering 19: 337-348.

Penttila, M., Limon, C. and Nevalainen, H. 2004. Molecular biology of Trichoderma

and biotechnological applications. [Handbook of Fungal Biotechnology 20:
413-427. A

199



pérez. J.. Ballesteros, L. Ballesteros, M., S ez, ., Negro, M. and Manzanarcs, P.
2008. Optimizing liquid hot water pretreatment conditions to enhance sugar
recovery from wheat straw for fuel-ethanol production. Fuel 87: 3640-3647,

Perez. J., Munoz-Dorado, J., De La Rubia, T. and Martinez, J. 2002. Biodegradation
and biological treatments of cellulose, hemicellulose and lignin:  An
overview. International Microbiology 5: 53-63.

Pollock, M.R. 1967. Origin and function of penicillinase: a problem in biochemical
evolution. British Medical Journal 4: 55-71.

Ponce-Noyola, T. and de la Torre, M. 2001. Regulation of cellulases and xylanascs
from a d.CI'CpI'CS.SCd mutant of Cellulomonas flavigena growing on sugar-canc
bagasse In continuous culture. Bioresource Technology 78: 285-291.

Pushalkar, S.. Rao, K.K. and Menon, K. 1995, Production of p-glucosidase by
Aspergillus terreus. Current Microbiology 30: 255-258.

Reezey, K., Szengyel, Z., Eklund, R. and Zaccht, G. 1996. Cellulase production by 7
reesci. Bioresource Technology 57: 25-30.

Revankar, M.S. and Lele, S.S. 2006. Enhanced production of laccase using a new
isolate of white rot fungus WR-1. Process Biochemistry 41: 581-588.

Rice. A.V. and Currah, R.S. 2005. Profiles from Biolog I'F plates and morphological
characteristics support the recognition of Qidiodendron fimicola sp. nov
Studies in Mycology 53: 75-82.

Ride. J.P. and Drysdale, R.B. 1971. A chemical method for estimating Fusarium
oxysporum f. I[ycopersici in infected tomato plants. Physiological Plant
Pathology 1: 409-420.

Ride. I.P. and Drysdale, R.B. 1972. A rapid method for the chemical estimation of
filamentous fungi in plant tissuc. Physiologial Plant Pathology 2: 7-15.

Ritter, P. 1996. Biochemistry: A Foundation. The Brooks, Cole Publishing
Company, Pacific Grove, California.

Robison, P.D. 1984. Cellulase and xylanase production by Trichoderma reesei Rut
C-30. Biotechnology Letters 6: 119-122.

Roe, S. 2001. Protein purification applications: a practical approach. Oxford
University Press, USA.

Romero, M.D., Aguado, J., Gonzalez, L. and Ladcro, M. 1999. Cellulase production

by Neurospora crassa on wheat straw. Inzyme and Microbial Technology 25:
244-250. o



Rubio. M.. Tortosa, J. Gomez, D.. Minana, A. and Soler, A. 1994. [l
fraccionamiento de los materiales vegetales mediante procesos combinados
de autohidrolisis-organosolvolisis. Afnidad 51: 95-102.

Russell. 1.B. 1987. Effect of extracellular pH on growth and proton motive force of
bacteroides succinogenes, a ccllulolytic ruminal bacterium. Applied and
Finvironmental Microbiology 33: 2379-2383.

Ryu. D.D.Y., Kim, C. and Mandels, M. 1984. Competitive adsorption of ccllulase

components and its significance in a synergistic mechanism. Biotechnology
and Bioengineering 26: 488-496.

Ryu. D.D.Y. and Mandels, M. 1980. Cellulases: Biosynthesis and applications.
Enzyme and Microbial Technology 2: 91-102.

Saha, B.C. 2003. Hemicellulose bioconversion. Journal of Industrial Microbiology
and Biotechnology 30: 279-291.

Saha, B.C. 2004. Lignocellulose biodegradation and applications in biotechnology.
ACS Symposium Series 889: 2-34.

Qaha, B.C. and Bothast, RJ. 1999, Pretreatment and enzymatic saccharification of
corn fiber. Applied Biochemistry and Biotechnology 76: 63-77.

Saha. B.C.. lten. L.B.. Cotta. M.A. and Wu, Y.V. 2005. Dilute acid pretreatiment,
enzymatic  saccharification, and fermentation of rice hulls to cthanol.
Biotechnology Progress 21: 816-822.

Gakakibara, A. and Sano, Y. 2001, Chemistry of lignin. In: D.N.-S. Ilon and N.

Shiraishi, Editors. (pp. 109-173). Wood and Cellulosic Chemistry (2nd
dition ed.).. Marcel Dekker, New York i

Cakamoto. R., Arai, M. and Murao, S. 1984. Enzymatic propertics of hydrocellulase
from Aspergillus aculeatus. Journal of fermentation technology 62: 561-567.

Sarko. A. 1986. Recent X-ray crystallographic studics of celluloses. In: R A. Young
and R. M. Rowell, pp. 29-66. (eds.). Cellulose: structure, modification, and
hydrolysis. Wiley-Interscience, New York.

Sebatner, D.W. and Toledo, R.T. 1992. Cellulase production in continuous culture

by Trichoderma reesei on xylose-based media.  Biotechnology
Bioengineering 39: 865-869.

and

Schell, D., Nguyen, Q., Tucker, M. and Boynton, B. 1998. Pretreatment of softwood
by acid-catalyzed stcam explosion followed by alkali extraction. Applied
Biochemistry and Biotechnology 70: 17-24.

Schulein, M. 1997. Enzymatic propertics of cellulases from Humicola insolens.
Journal of Biotechnology 57: 71-81.



Schulein, M. 2000. Protein engineering of cellulases. Biochimica ¢t Biophysica Acta
- Protein Structure and Molecular Enzymology 1543: 239-252.

Schiilein, M., Tikhomirov, D.F. and Schou, C. 1993. Humicola insolens alkaline
cellulases, p. 109-116. In P. Suominen and T. Reinikainen (ed.), Proceedings
of the Second Tricel Symposium on Trichoderma Cellulases and Other
Hydrolases, Espoo, vol. 8. Foundation for Biotechnical and Industrial
Fermentation Research, Helsinki, Finland

Segal, L., Creely, J.J., Martin Jr, A.E. and Conrad, C.M. 1959. An empirical method
for estimating the degree of crystallinity of native cellulose using the X-ray
diffractometer. Textile Research Journal 29: 786-794.

Selby, K., 1969. The purification and propertics of the Cy component of the cellulase
complex. Advances in Chemistry 95: 34-50.

Sclby, K. and Maitland, C.C. 1967. The cellulasc of Trichoderma viride. Scparation
of the components involved in the solubilization of cotton. Biochemical
Journal 104: 716-724.

Shanmugam, P., Mani, M. and Narayanasamy, M. 2008. Biosynthesis of cellulolytic
enzymes by Tricothecium roseum with citric acid mediated induction. African
Journal of Biotechnology T: 3917-3921.

Shechan, J. and Himmel, M. 1999, Enzymes, cnergy, and the environment: a
strategic perspective on the US™ Dcepartment of Encrgy's rescarch and
development activities for biocthanol. Biofechnology Progress 15: 817-827.

Sheir-Neiss, G. and Montenecourt, B.S. 1984. Characterization of the secreted
cellulases of Trichoderma reesei wild type and mutants during controlled
fermentations. Applied Microbiology and Biotechmology 20: 46-53.

Shin, C.S., Lee, J.P., Lee, J.S. and Park, S.C. 2000. Enzyme production of
Trichoderma reesei rut C-30 on various lignocclulosic substrates. Applicd
Biochemistry and Biotechnology 84:237-245.

Shoh, A. 1975. Industrial applications of ultrasound. A review. 1. High power
ultrasound. IEEE Transactions on Sonics and Ultrasonics 22: 60-71.

<idhu, M., Kalra, M. and Sandhu, D. 1986. Purification and characterization of

cellulolytic enzymes fromTrichoderma harzianum. Folia microbiologica 31:
293-302.

Sidhu, M.S. and Sandhu, D.K. 1985. A study of {-glucosidase in Trichoderma
pseudokoningii: Production, localization, and rcgulation. Ixperimental
Mycology 9: 1-8.
Singh, S.C., Sinha, R.P. and Hader, D.P. 2002. Role of lipids and fatty acids in stress
tolerance in cyanobacteria. /Acta Protozoologica 41: 297-308.

o]
<
o



Sjostrom, E. 1981. Wood polysaccharides. In: E. Sjostrom, pp.51-67 (eds.), Wood
chemistry. fundamentals and applications. Academic Press, New York, NY.

Smits, J.P., Rinzema, A., Tramper, J., Van Sonsbeek, H.M. and Knol, W. 1996.
Solid-state fermentation of wheat bran by Trichoderma reesei QM9414:
Substrate composition changes, C balance, enzyme production, growth and
kinetics. Applied Microbiology and Biotechnology 46: 489-496.

Solov'eva, LV.. Okunev, O.N., Vel'kov, V.V., Koshclev, A.V., Bubnova, T.V.,
Kondrateva, E.G., Skomarovskii, A.A. and Sinitsyn, A.P. 2005. The
selection and properties of Penicillium verruculosum mutants with enhanced
production of cellulases and xylanases. Microbiology 74: 141-146.

Spiridonov, N.A. and Wilson, D.B. 1999. Characterization and cloning of celR. a
transcriptional regulator of cellulase genes from Thermomonospora fusca.
Journal of Biological Chemistry 274: 13127-13132. )

Qrivastava, S.K., Gopalkrishnan, K.S. and Ramachandran, K.B. 1987. ‘T'he
production of B-glucosidase in shake-tlasks by Aspergillus wentii. Journal of
Fermentation Technology 65: 95-99. ‘

Stahlberg, J.. Johansson, G. and Pettersson, G. 1993. Trichoderma reesei has no true
exo-cellulase: All intact and truncated ccllulase produce new reducing end
groups on cellulose. Biochimica et Biophysica Acta 1157: 107-113.

Sternberg. D., 1976. Production of cellulase by Trichoderma. Biotechnology and
bioengineering symposium 6:35-53. ’

Sternberg, D. and Dorval, S. 1979. Cellulase production and ammonia metabolism in
Trichoderma reesei on high levels of cellulose.  Biotechnology  and
Bioengineering 21: 181-191. ‘

Siewart, J.C.. Stewart, C.S. and Heptinstall, J. 1982. The usc of tritiated cellulose in

screening for cellulolytic microorganisms. Biotechnology Letters 4: 459-464.

Suihko, M.L. 1983. The fermentation of different carbon sources by Fusarium
oxysporum. Biotechnology Letters 5: 721-724.

Sun, Y. and Cheng, J. 2002. Hydrolysis ol lignocellulosic materials for cthanol
production: A review. Bioresource Technology 83: 1-11.

Suominen, P., Mantyla, A., Saarclaincn, R., Paloheimo, M., Iagerstrom, R
Parkkinen, E. and Nevalainen, M. 1992, Genetic engineering  of
Trichoderma reesei to produce suitable enzyme combinations for npplic:lions
in the pulp and paper industry. In: M. Kuwahara and M. Shimada
Editors, Biotechnology in Pulp and Paper Industry 2nd  cdition ccl.)’
Proceedings of the Sth international conference on biotechnology in the pu/[;
and paper industry (1992), pp. 439-445 Kyoto, Japan .

“s

S
o
(OS]



Suto, M. and Tomita, F. 2001, Induction and catabolite repression mechanisms of
cellulase in fungi. Journal of Bioscience and Bioengineering 92: 305-311

Quzuki, H., Yamane, K. and Nisizawa, K. 1969. Extracellular and cell-bound
cellulase components of bacteria. Advance Chemistry Series 95: 60-82

Suzuki, H., Iearashi, K. and Samejima, M. 2008. Real-time quantitative analysis of
carbon catabolite derepression of cellulolytic genes expressed in  the
basidiomycete Phanerochacte chrysosporium. Applied Microbiology and
Biotechnology 80: 99-106.

Syengyel, Z., Zacehi, G., Varga, A. and Reczey, K. 2000. Cellulase production of
Trichoderma reesei Rut C 30 using steam- pretreated spruce. Hydrolytic
potential of cellulases on difterent substrates. Applicd Biochemistry and
Biotechnology 84: 679-691. '

Taherzadeh, M.J. and Niklasson, C. 2004. Ethanol tfrom lignoccliulosic materials:
Pretreatment, acid and enzymatic hydrolyses, and fermentation. AAC'S
Symposium Series, 889: 49-68.

Tanaka, T., Hoshina, M., Tanabe, S., Sakai, K., Ohtsubo, S. and Taniguchi, M. 2006
Production of D-lactic acid from defatted rice bran by simultancous
saccharification and fermentation. Bioresource Technology 97: 211-217.

Tangnu. S.K.. Blanch. H.W. and Wilke, CR., 2004. Enhanced production of
cellulase. hemicellulase, and f-glucosidase by Trichoderma reesei (Rut C-
30). Biotechnology and Bioengineering 23: 1837-1849.

Tarkow, 1. and Feist, W.C. 1969. A Mechanism for Improving the Digestibility of
Lignocellulosic Materials with Dilute Alkali and Liquid NII3 Advance
Chemistry Series 95: 197-218. '

Teather, RM. and Wood, P.J. 1982. Use of Congo red-polysaccharide interactions in
enumeration and characterization of cellulolytic bacteria from the bovine
rumen. Applied and Environmental Microbiology 43: 777-780.

Teeri, T.T. 1997. Crystalline cellulose degradation: New insight into the function of
cellobiohydrolases. Trends in Biotechnology 15: 160-167.

‘tercira, L.C., Linden, J.C. and Schrocder, HLA. 1999. Alkaline and peracetic acid
pretreatments of biomass for cthanol production. Applicd Biochemistry and
Biotechnology 77: 19-34. )

Tengborg, C., Galbe, M. and Zacchi, G. 2001. Reduced inhibition of enzymatic

hydrolysis of stcam-pretreated softwood. Enzyme and Microbial Technology
28: 835-844. -



Teymouri. F., Laureano-Perez, L.. Alizadeh, H. and Dale, B.E. 2005. Optimization of
the ammonia fiber explosion (AFEX) treatment parameters for enzymatic
hydrolysis of corn stover. Bioresource Technology 96: 2014-2018.

Thomsen, M.H., Thygesen, A., Jrgensen, H., Larsen, J., Christensen, Bl and
Thomsen. A.B. 2006. Preliminary results on optimization of pilot scalc
pretreatment of wheat straw used in coproduction of biocthano! and
clectricity. Applied Biochemistry and Biotechnology 130: 448-460.

Timell, T.E. 1967. Recent progress in the chemistry of wood hemicelluloses. Wood
Science and Techmology 1: 45-70.

Toian, J. and Foody, B. 1999. C_ellulasc from submerged fermentation. Recent
progress in bioconversion of lignocellulosics 65: 41-67.

Tomme. P., Warren, R.AJ. and Gilkes, N.R. 1995. Cellulosc hydrolysis by bacteria
and fungi. Advances in Microbial Physiology 37: 1-81.

Tong. C.C. and Rajendra, K., 1992. Effect of carbon and nitrogen sources on the
growth and production of cellulase enzymes of a newly isolated Aspergillus
sp. Pertanika 15: 45-50.

Ubhayasekera, W. 2005, Structural studics of cellulose and chitin active enzymes.
Doctoral Thesis. Retrieved December R 2005 from
hltpi//XI‘ﬁV.bn]C.UlI.SC/%7E\Vil]llll/Dl’OiCCtSﬂJ]cscg/Wilnul PRD thesis-nr] 8-
2005.pdf. SRR

Um. B.IL, Karim, M.N. and Henk, L.L. 2003. Effcct of sulfuric and phosphoric acid
pretreatments on enzymatic hydrolysis ol corn stover. fsnzyme Engineering
and Biotechnology 105: 115-120. ‘

Umikalsom, M.S., Ariff, A.B., Hassan, M.A. and Karim, M.ILA. 1998. Kinctics of
cellulase production by Chactomium globosum at different levels of dissolved
oxygen tension using oil palm empty fruit bunch fibre as substrate. World
Journal of Microbiology and Biotechnology 14: 491-498.

Umikalsom, M.S., Ariftf, A.B., Shamsuddin, Z.11., Tong, C.C., Hassan, M.A. and
Karim, M.LLA. 1997a. Production of cellulase by a wild strain of Chactomium
globosum using delignified oil palm empty-fruit-bunch fibre as substrate.
Applied Microbiology and Biotechnology 47: 590-595.

Umikalsom, M.S.. Arift, A.B., Zulkifli, FLS., Tong, C.C., Hassan, M.A. and Karim,
M.LA. 1997b. The treatment of oil palm cmpty fruit bunch fibre for
subsequent use as substratc for cellulasec production by Chactomium
globosum Kunze. Bioresource Technology 62: 1-9.

Umile, C. and Kubicek, C.P. 1986. A constitutive, plasma-membrane bound (3-
glucosidase in Trichoderma reesei. FEMS Microbiology Letters 34: 291-295

)
)
w



Updegraft, D.M. 1971. Utilization of cellulosc from waste paper by Myrothecium
verrucaria. Biotechnology and Bioengineering 13: 77-97.

Van Tilbeurgh, H., Claeyssens. M. and de Bruyne, C.K. 1982. The use of 4-
methylumbelliferyl and other chromophoric glycosides in the study of
cellulolytic enzymes. FEBS Letters 149: 152-156.

Van Tilbeurgh, H., Loontiens, F.G., Engelborgs, Y. and Clacyssens, M. 1989.
Studies of the cellulolytic system of Trichoderma reesei QM 9414, Binding
of small ligands to the 1.4-B-glucan cellobiohydrolase 11 and influence of
glucose on their affinity. Enropean Journal of Biochemistry 184: 553-559.

Van Tilbeurgh, H., Pettersson, G. and Bhikabhai, R. 1985. Studies of the cellulolytic
system of Trichoderma reesei QM 9414, Reaction specificity  and
thermodynamics of interactions of small substrates and ligands with the 1.4-
B-glucan cellobiohydrolase I1. European Journal of Biochemistry 148: 329-
334.

Van Wyk, J.P.H. and Mohulatsi, M. 2003. Biodegradation of wastepaper by cellulase
trom Trichoderma viride. Bioresource Technology 86: 21-23.

Varga. [., Szengyel, Z. and Reczey, K. 2002. Chemical pretreatments of corn stover
for ecnhancing enzymatic digestibility.  Applied  Biochemistry — and
Biotechnology 98:100. 73-87.

Velkovska, S.. Marten, M.R. and Ollis, D.I. 1997. Kinctic model for batch cellulase
production by Trichoderma reesei RUT C30. Jowrnal of Biotechnology 54:
83-94.

Vikineswary, S., Abdullah, N., Renuvathani, M., Sckaran, M., Pandey, A. and Jones,
E.B.G. 2006. Productivity of laccase in solid substrate fermentation of
sclected agro-residues by Pycnoporus sanguincus. Bioresource Technology
97:171-177.

Voet, D. and Voet, J.G. 1995 Threc-dimensional  structures  of

proteins.
Biochemistry, 2nd Edition, Wiley, New Jerscy.

Wang, X.J., Bai, J.G. and Liang, Y.X. 2000. Optimization of multicnzyme
production by two mixed strains in solid-state fermentation. AApplied
Microbiology and Biotechnology 73: 533-540.

Wase, D.AJ., McManamey, W.J., Raymahasay, S. and Vaid, A.K. 1985.
Comparisons between cellulase production by Aspergillus  fumigatus in
agitated vessels and in an air-lift  fermentor.  Biotechnology — and
Bioengineering 27: 1166-1172.

Watanabe, H., Noda, H., Tokuda, G. and Lo, N. 1998. A ccllulase gene of termite
origin. Nature 394: 330-331.



Weil, J.. Sarikaya. A.. Rau, S., Goetz, J., Ladisch, C., Brewer, M., Ilendrickson, R.
and Ladisch, M. 1998. Pretreatment of corn fiber by pressure cooking in
water. Applied Biochemistry and Biotechnology 73: 1-17.

Wejse, P.L.. Ingvorsen, K. and Mortensen, K.K. 2003. Xylanase production by a
novel halophilic bacterium increased 20-fold by response  surface
methodology. Enzyme and Microbial Technology 32: 721-727.

Wen., Z.. Liao, W. and Chen, S. 2005. Production of cellulase by Trichoderma reesci
from dairy manure. Bioresource Technology 96: 491-499.

Williamson, R.E., Burn, J.E. and Hocart, C.H. 2002. Towards the mechanism of
cellulose synthesis. Trends in Plant Science 7: 461-467.

Wilson. K. and Walker, J.M. 2000. Principles and Techniques of Practical
Biochemistry, Sth, Cambridge University Press, Cambridge

Wood, T.M. 1969. The ccllulase of Fusarium solani. Resolution of the cnzyme
complex. Biochemical Journal 115: 457-464.

Wood. T.M. 1975. Properties and mode of action of ccllulascs. Biotechnology
Bioengineering Symposium 5: 111-137. ‘

Wood, T.M. 1985. Properties of cellulolytic enzyme systems. Biochemical Society
Transactions 13:407-410. !

Wood, T.M. and Bhat, K.M. 1988. Mcthods for mcasuring cellulase activities.
Methods in Enzymology 160: 87-112.

Wood, T.M. and Garcia-Campayo, V. 1990. Enzymology of cellulose degradation.
Biodegradation 1: 147-161. -

Wood, T.M. and McCrae, S.I. 1978. The cellulase of Trichoderma koningii.
Purification and properties of some endoglucanase components with special
reference to their action on cellulose when acting alone and in synergism with
the cellobiohydrolase. Biochemical Journal 171: 61-72. )

Wood, T.M. and McCrae, S.I. 1982. Purification and some propertics of the
extracellular  B-D-glucosidase of the ccellulolytic fungus  7richoderma
koningii. Journal of General Microbiology 128: 2973-2982.

Wood, T.M. and McCrae, S.I., 1986. The cellulase of Penicillium pinophilum.
Synergism between enzyme components in solubilizing cellulose with special
reference  to  the involvement of two immunologically  distinct
cellobiohydrolases. Biochemical Journal 234: 93-99. )

Woodward, J. .and WISCI’nfln, A 1982. Fungal and other - D-glucosidases - Their
propertics and applications. Enzyme and Microbial Technology 4: 73-79,



Workman, W.E. and Day. D.F. 1982, Purification and properties of B-glucosidase
from Aspergillus terreus. Applied and Environmental Microbiology 44: 1289-
1295.

Wyman, C.E., Dale. B.E.. Elander, R.T., Holtzapple, M., Ladisch, M.R. and Lcc,
Y.Y. 2005. Coordinated development of leading biomass pretreatment
technologies. Bioresource Technology 96: 1959-1966.

Xia, L. and Cen, P. 1999. Cellulase production by solid state fermentation on
lignocellulosic waste from the xylose industry. Process Biochemistry 34:
909-912.

Xiao, Z., Zhang, X., Gregg, D.J. and Saddler, J.N. 2004. Effects of sugar inhibition
on cellulases and B-glucosidase during enzymatic hydrolysis of softwood
substrates. Applied Biochemistry and Biotechnology 115: 1115-1126.

Xu, J., Takakuwa, N.. Nogawa, M., Okada, II. and Morikawa, Y., 1998. A third
xylanase from Trichoderma reesei PC-3-7. dpplicd  Microbiology and
Biotechnology 49: 718-724.

Xu, B.. Hellman, U., Ersson, B. and Janson, J.C. 2000. Purification, characterization
and amino-acid sequence analysis of a thermostable, low molceular mass
endo-B-1,4-glucanase from blue mussel, Mytilus edulis. European Journal of
Biochemisiry 267: 4970-4977.

Yamaguchi, A.. Yanai, M., Tomiyama, N. and Sawai, T. 1986. Effects of magnesium
and sodium ions on the outer membrane permeability of cephalosporins in
Escherichia coli. FEBS Letters 208: 43-47.

Yang. S.Q.. Yan, Q.J., Jiang, Z.Q., Li, LT, Tian, H.M. and Wang, Y.7. 2006. High-
level of xylanase production by the thermophilic Paccilomyces themophila
J18 on wheat straw in solid-state termentation. Bioresource Technology 97:
1794-1800.

Young, R.A. 1992. Activation and characterization of fiber surfaces for composites.
Emerging Technology for Materials and Chamicals from Biomass. ACS
Symposium Series 476: 115-135.

Zaldivar, J. Nielsen, J. and Olsson, L. 2001. Fuel ecthanol production from
lignocellulose: A challenge for metabolic engincering and  process
integration. Applied Microbiology and Biotechnology 56: 17-34.

Zhang, Q. and Cai, W.M. 2008. Enzymatic hydrolysis of alkali-pretreated rice straw
by Trichoderma reesei ZM4-F3. Biomass and Biocnergy 32: 1130-1135.

Zhang, Y.H.P. and Lynd. L.R. 2005. Cecllulose utilization by Clostridium
thermocellum:  Bioenergetics and  hydrolysis  product  assimilation.
Proceedings of the National Academy of Sciences of the United States of
America 102: 7321-7325.

208



Zhao. M.. Li, J., Mano. E.. Song, Z. and Tschaen, D. 2005. Oxidation of primary
alcohols to carboxylic acids with sodium chlorite catalyzed by TEMPO and
bleach: 4-methoxyphenylacetic acid. Organic Synthesis 81: 195-203.

Zhou, J., Wang, Y.H.. Chu, J., Zhuang, Y.P., Zhang, S.L. and Yin, P. 2008
[dentification and purification of the main components of cellulases from a
mutant strain of Trichoderma viride T 100-14. Bioresource Technology 99:

6826-6833.

209



	09.pdf
	10



